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SEMICONDUCTOR PACKAGE HAVING PAD
PATTERN INCLUDING PLASTICALLY

DEFORMED METAL FILM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims benefit of priority to Korean

Patent Application No. 10-2021-0124076 filed on Sep. 16,
2021, 1n the Korean Intellectual Property Oflice, the disclo-
sure¢ of which 1s incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

Embodiments relate to a semiconductor package and a
method for manufacturing the same.

2. Description of the Related Art

A semiconductor package may be mounted on a substrate
(e.g., a main board, etc.) through various types of connection
bumps (e.g., solder balls). Connection reliability between
the semiconductor package and the substrate may be
allected by a contact state between a connection bump and
a redistribution layer of the semiconductor package.

SUMMARY

According to an embodiment, a method for manufactur-
ing a semiconductor package includes forming a pad pattern
including a metal film on a semiconductor chip; forming an
insulating layer covering the pad pattern and including an
organic 1nsulating material; and forming an opening expos-
ing a surface of the metal film of the pad pattern by
performing laser processing on the insulating layer, wherein,
in forming the opening, a region to be plastically deformed
on the metal film by the laser processing 1s formed.

According to an embodiment, a method for manufactur-
ing a semiconductor package includes forming a vertical
connection structure including an nsulating layer and a pad
pattern on the insulating layer and having a through-hole;
mounting a semiconductor chip 1n the through-hole of the
vertical connection structure; forming an encapsulant encap-
sulating the semiconductor chip; and forming an opening
exposing a surface of the pad pattern by performing laser
processing on the encapsulant on the pad pattern, wherein
the pad pattern includes a metal layer and a metal film
disposed on the metal layer and having a thickness, lower
than a thickness of the metal layer, wherein the metal film
includes a first region exposed through the opening and
crystallized by the laser processing, and a second region
surrounding the first region.

According to an embodiment, a method for manufactur-
ing a semiconductor package, includes forming a pad pattern
including a first metal layer, a second metal layer, and a third
metal layer on a semiconductor chip; forming an nsulating
layer covering the pad pattern and including an organic
insulating material; and forming an opening exposing at
least a portion of a surface of the third metal layer of the pad
pattern by irradiating a laser beam to the isulating layer,
wherein the laser beam has a wavelength of about 343 nm
to about 355 nm and a pulse width of nanoseconds or less,
and 1n forming the opening, a region to be plastically
deformed on the third metal layer 1s formed.
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According to an embodiment, a semiconductor package
includes a semiconductor chip; a pad pattern disposed on the
semiconductor chip and including a metal layer and a metal
f1lm; an 1nsulating layer disposed on the semiconductor chip
and the pad pattern, having an opening exposing a surface of
the metal film, and including an epoxy resin and an 1norganic
filler, wherein a thickness of the metal film 1s thinner than a
thickness of the metal layer, and the metal film includes a
region to be plastically deformed by laser processing.

BRIEF DESCRIPTION OF DRAWINGS

Features will become apparent to those of skill in the art
by describing 1n detail example embodiments with reference
to the attached drawings in which:

FIG. 1 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments.

FIG. 2 1s a plan view 1illustrating a semiconductor package
according to example embodiments.

FIGS. 3A to 3C are scanning electron microscope (SEM)
images illustrating a pad pattern of a semiconductor package
according to a comparative example.

FIG. 3D 1s a graph illustrating a result of elemental
clement analysis of a surface of a pad pattern of a semicon-
ductor package according to a comparative example.

FIGS. 4A to 4D are scanning electron microscope (SEM)
images 1llustrating pad patterns of a semiconductor package
according to an inventive example.

FIG. 4E 1s a graph illustrating a result of elemental
clement analysis of a surface of a pad pattern of a semicon-
ductor package according to an inventive example.

FIG. 5 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments.

FIG. 6 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments.

FIG. 7 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments.

FIG. 8 1s a flowchart illustrating a method of manufac-
turing a semiconductor package according to example
embodiments.

FIGS. 9A to 9C are views illustrating a process sequence
to 1llustrate a method of manufacturing a semiconductor
package according to example embodiments.

FIGS. 10A and 10B are scanning electron microscope
(SEM) images illustrating a pad pattern of a semiconductor
package according to a comparative example.

FIG. 10C 1s a graph illustrating a result of elemental
clement analysis of a surface of a pad pattern of a semicon-
ductor package according to a comparative example.

DETAILED DESCRIPTION

FIG. 1 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments. FIG. 2
1s a plan view 1illustrating a semiconductor package accord-
ing to example embodiments. FIG. 2 1s a plan view of the
semiconductor package of FIG. 1, as viewed from above.

Referring to FIGS. 1 to 2, a semiconductor package 100A
may include a redistribution substrate 110, a semiconductor
chip 120 on the redistribution substrate 110, a vertical
connection structure 130 having a through-hole 130/ 1n
which the semiconductor chip 120 1s accommodated, an
encapsulant 140 encapsulating the semiconductor chip 120,
an under-bump metal layer 150, and a connection bump 160.

The redistribution substrate 110 may include an insulating,
layer 111, a redistribution layer 112, a redistribution via 113,
and a protective layer 114. The redistribution substrate 110
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may have an upper surface 110S2 on which the semicon-
ductor chip 120 1s mounted, and a lower surface 110S1 on
which the connection bump 160 1s disposed and to which a
surface of the protective layer 114 1s exposed. The redistri-
bution layer 112 may be electrically connected to the semi-
conductor chip 120.

Although the redistribution layer 112 1s illustrated as
being directly connected to a connection pad 120P of the
semiconductor chip 120 through the redistribution via 113,
as 1 FIG. 1, another connection bump may be disposed
between the redistribution layer 112 or the redistribution via
113 and the connection pad 120P.

The 1insulating layer 111 may include a plurality of
insulating layers 111 stacked 1n a vertical direction (a Z
direction). The mnsulating layer 111 may include an 1nsulat-
ing resin. The mnsulating resin may include a thermosetting
resin such as an epoxy resin, a thermoplastic resin such as
polyimide, or a resin impregnated with an 1norganic filler
and/or a glass fiber, a glass cloth, or a glass fabric in these
resins, €.g., a prepreg, Ajinomoto Build-up Film (ABF),
FR-4, or bismaleimide triazine (BT). The msulating layer
111 may include a photosensitive resin such as a photoim-
ageable dielectric (PID) resin, and, 1n this case, the insulat-
ing layer 111 may be formed to be thinner, and the redis-
tribution layer 112 and the redistribution via 113, having a
fine pitch, may be formed. Depending on a process, bound-
aries between msulating layers 111 having different levels
may be unclear.

The redistribution layer 112 may be disposed on the
insulating layer 111. The redistribution layer 112 may
include a plurality of redistribution layers 112 having dii-
terent levels, and may be electrically connected to each other
through the redistribution vias 113 passing through the
insulating layer 111. The redistribution layer 112 may redis-
tribute the connection pad 120P of the semiconductor chip
120. The redistribution layer 112 may include, e.g., a metal
material including copper (Cu), aluminum (Al), silver (Ag),
tin (Sn), gold (Au), mickel (N1), lead (Pb), titanium (11), or
alloys thereof. The redistribution layer 112 may perform
various functions according to a given design. For example,
a ground (GND) pattern, a power (PWR) pattern, and a
signal (S) pattern may be included. The signal (S) pattern
may provide a transmission path for various signals (other
than the ground (GND) pattern and the power (PWR)
pattern), e.g., a data signal or the like.

The redistribution via 113 may pass through the insulating
layer 111 to electrically connect the plurality of redistribu-
tion layers 112 located on different levels. The redistribution
via 113 may include a signal via, a ground via, and a power
via. The redistribution via 113 may include, e.g., a metal
material including copper (Cu), aluminum (Al), silver (Ag),
tin (Sn), gold (Au), mickel (N1), lead (Pb), titanium (11), or
alloys thereof. The redistribution via 113 may formed as a
filled via 1n which a metal material 1s filled 1n a via hole, or
a conformal via in which a metal material 1s formed along
an iner wall of a via hole.

The protective layer 114 may be disposed to be opposite
to the upper surface 110S2 of the redistribution substrate 110
on which the semiconductor chip 120 1s mounted, and may
have an opening 1142 exposing a portion ol a pad 112
among the redistribution layers 112. The under-bump metal
layer 150 may be disposed in the opening 114/ of the
protective layer 114, and the connection bump 160 may be
disposed below the under-bump metal layer 150. The pro-
tective layer 114 may protect the pad 112 among the
redistribution layers 112 from an external environment. The
protective layer 114 may include a thermosetting resin such
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as an epoxy resin, a thermoplastic resin such as polyimide,
or a resin impregnated with an morganic filler and/or a glass
fiber, a glass cloth, or a glass fabric in these resins, e.g., a
prepreg, ABF, FR-4, or BT. In consideration of the func-
tional properties of being exposed externally of the package
and protecting the pad 112 among the redistribution layers
112 and the connection bump 160, the protective layer 114
may include an insulating resin having excellent heat resis-
tance, tlame retardancy, or the like. For example, the pro-
tective layer 114 may include a non-photosensitive resin
impregnated with an 1norganic filler.

The semiconductor chip 120 may include a connection
pad 120P disposed on the upper surface 11052 of the
redistribution substrate 110 and electrically connected to the
redistribution layer 112. The connection pad 120P may
include, e.g., a metal material such as aluminum (Al) or the
like. The semiconductor chip 120 may have a structure
directly connected to the redistribution via 113 of the
redistribution substrate 110 in a chip-first method, e.g., or 1t
may be mounted on the redistribution substrate 110 in a
chip-last method. The semiconductor chip 120 may be
mounted 1 a flip-chip bonding method using a separate
connection member having a land shape, a ball shape, or a
pin shape. In another implementation, the semiconductor
chip 120 may be mounted using a wire bonding method.

The semiconductor chip 120 may be, e.g., a logic chip or
a memory chip. The logic chip may include, e.g., a central
processing unit (CPU), a graphics processing unit (GPU), a
fiecld programmable gate array (FPGA), a digital signal
processing unit (DSP), a cryptographic processor, a micro-
processor, a microcontroller, an analog-to-digital converter,
an application-specific integrated circuit (ASIC), or the like.
The memory chip may include, e.g., a volatile memory
device such as a dynamic RAM (DRAM), a static RAM
(SRAM), or the like, or a nonvolatile memory device such
as a phase change RAM (PRAM), a magnetic RAM
(MRAM), a resistive RAM (RRAM), a tlash memory, or the
like.

The vertical connection structure 130 may be disposed on
the redistribution substrate 110. The semiconductor chip 120
may be disposed 1n the through-hole 130/ such that a surface
of the semiconductor chip 120 on which the connection pad
120P 1s disposed faces the upper surface 11052 of the
redistribution substrate 110. The through-hole 130/ may
have a wall surface surrounding the semiconductor chip 120.
The vertical connection structure 130 may i1nclude a plural-
ity of insulating layers, ¢.g., a first insulating layer 131q and
a second 1nsulating layer 1315, a plurality of wiring layers,
¢.g., a first wiring layer 132a, a second wiring layer 1325,
and a third wiring layer 132¢, and a plurality of wiring vias,
¢.g., a first wiring via 133a and a second wiring via 1335.
The vertical connection structure 130 may further improve
rigidity of the package, depending on materials of the first
and second insulating layers 131a and 1315, and may
improve thickness uniformity of the encapsulant 140. The
vertical connection structure 130 may include a first wiring
layer 132a disposed on the upper surface 110S2 of the
redistribution substrate 110, a first insulating layer 131a
covering the first wiring layer 1324, a second wiring layer
13256 disposed on the first msulating layer 131a to oppose
the first wiring layer 132a, a first wiring via 133a passing
through the first msulating layer 131a to connect the first
wiring layer 132a and the second wiring layer 13256, a
second insulating layer 1315 covering the second wiring
layer 1325, a third wiring layer 132¢ disposed on the second
insulating layer 1315, and a second wiring via 1335 passing
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through the second insulating layer 1315 to connect the
second wiring layer 1325 and the third wiring layer 132c.

The first and second msulating layers 131aq and 1315 may
include an insulating material, and the insulating material
may include a thermosetting resin such as an epoxy resin, a
thermoplastic resin such as polyimide, or a resin 1mpreg-
nated with an morganic filler and/or a glass fiber, a glass
cloth, or a glass fabric 1n these resins, e.g., a prepreg, ABFE,
FR-4, BT, or the like.

The wiring layers 132a, 13256, and 132¢ may be electri-
cally connected to the redistribution layer 112 of the redis-
tribution substrate 110, and may provide an electricity
connection path passing from at least one side of the
semiconductor chip 120 1n a vertical direction, together with
the wiring via 133. The wiring layers 132a, 1325, and 132¢
may include a metal material such as copper (Cu), aluminum
(Al), silver (Ag), tin (Sn), gold (Au), nickel (N1), lead (Pb),
titanium ('11), or alloys thereof.

Among the wiring layers 132a, 1325, and 132¢, the third
wiring layer 132¢ may be disposed on the first and second
insulating layers 131a and 1315, and may be disposed on an
uppermost portion of the vertical connection structure 130,
and may be referred to as a ‘pad pattern” 132¢.

The wiring vias 133a and 1335 may electrically connect
the wiring layers 132a, 1326 and 132c¢, formed as diflerent
layers, to each other, and as a result, an electrical path may
be formed i1n the vertical connection structure 130. The
wiring vias 133a and 1335 may include copper (Cu), alu-
minum (Al), silver (Ag), tin (Sn), gold (Au), nickel (Ni),
lead (Pb), titantum (11), or alloys thereof. The wiring vias
133a and 1336 may be filled vias in which a metal material
1s completely filled 1n a via hole, or conformal vias 1n which
a metal material 1s formed along a wall surface of a via hole.

The encapsulant 140 may be disposed on the upper
surface 11052 of the redistribution substrate 110, and may
cover at least a portion of the semiconductor chip 120. The
encapsulant 140 may extend to cover an upper surface of the
vertical connection structure 130.

The encapsulant 140 may include an 1nsulating material,
¢.g., a thermosetting resin such as an epoxy resin, a ther-
moplastic resin such as polyimide, or a prepreg including an
inorganic filler and/or a glass fiber, ABF, FR-4, BT, an epoxy
molding compound (EMC), or the like.

A portion of a surface of the pad pattern 132c¢ (1.e., the
third wiring layer) may be covered by the encapsulant 140.
The surface of the pad pattern 132¢ may be roughened (e.g.,
CZ-treated or copper zarazara-treated) to improve adhesion
thereol to the encapsulant 140.

A portion of the surface of the pad pattern 132¢ (1.e., the
third wiring layer) may be exposed by forming an opening,
140/ 1n the encapsulant 140.

For example, according to an example embodiment, the
opening 140/ of the encapsulant 140 may be formed using
a laser beam under specific conditions, to remove smearing
remaining on an inner wall of the opening 140/ and the pad
pattern 132¢, with the formation of the opening 140/%. Thus,
the pad pattern 132¢ may have a smear-less structure. The
smear-less structure may mean that a residue formed while
a portion of the encapsulant 140 1s removed by laser
processing does not remain on a surface of the pad pattern
132c.

The laser processing may be performed under conditions
in which only a surface or an internal structure of the pad
pattern 132¢ 1s changed, without removing the pad pattern
132¢ or reducing a thickness thereof.

The pad pattern 132¢ may include a first metal layer MLL1
integrally formed with the wiring via 1335, a second metal
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layer ML2 on the first metal layer M1, and a third metal
layer ML3 on the second metal layer ML2. The second metal
layer ML2 may be disposed between the first metal layer
ML1 and the third metal layer ML3.

A laser beam used for the laser processing may be
partially absorbed through a surface of the third metal layer
ML3 forming a metal film.

In an example embodiment, the first metal layer MLL1 may
include copper (Cu), and may include a barrier layer of
titantum ('11)/titanium nitride (TiN).

In an example embodiment, the second metal layer ML2
may include nickel (N1).

In an example embodiment, the third metal layer ML3
may include gold (Au).

Metal matenals forming the first to third metal layers
ML1, ML2, and ML3 may vary and may include other metal
materials.

In an example embodiment, a thickness t3 of the third
metal layer ML3 may be smaller than a thickness t1 of the
first metal layer ML1 and a thickness 12 of the second metal
layer ML2. For example, the thickness t1 of the first metal
layer ML1 may be about 2 um to about 10 the thickness t2
of the second metal layer ML2 may be about 2 um to about
5 and the thickness t3 of the third metal layer ML3 may be
about 200 nm to about 500 nm.

In an example embodiment, the third metal layer ML3 (a
metal film) may include a first region R1 exposed through
the opening 140/ of the encapsulant 140 and a second region
R2 surrounding the first region R1. The first region R1 may
be a region 1 which plastic deformation occurs due to a
thermal reaction by the laser processing. For example, the
first region R1 may be changed from an 1sotropic single
crystal structure to an anisotropic polycrystalline structure
by the laser processing. The second region R2 may have an
1sotropic single crystal structure. Before the laser process-
ing, the third metal layer ML3 may have a single crystal
tace-centered cubic (FCC) crystal structure. The metal film
ML3 may be plastically deformed to increase dislocation
density. For example, imn the third metal layer ML3, a
dislocation density of the first region R1 may be higher than
a dislocation density of the second region R2.

According to an example embodiment, smearing on the
surface of the third metal layer ML3 exposed through the
opening 1402 may be removed to improve connection
reliability between the pad pattern 132¢ and a connection
bump that 1s subsequently disposed on the pad pattern 132c¢.
In addition, a chemical desmearing process may be omitted,
which may help prevent problems due to chemical solutions
(e.g., discoloration of the encapsulant, peeling of the pro-
tective layer, or the like) and simplily a process for manu-
facturing the package.

Properties of a metal film according to surface treatment
of the third metal layer ML3 will be further described with
reference to FIGS. 3A to 4E below.

The under-bump metal layer 150 may be disposed on the
connection bump 160 to improve connection reliability of
the connection bump 160. For example, the under-bump
metal layer 150 may improve board level reliability of the
semiconductor package 100A according to this embodiment.
The under-bump metal layer 150 may include a metal
material including copper (Cu), aluminum (Al), silver (Ag),
tin (Sn), gold (Au), mickel (N1), lead (Pb), titanium (11), or
alloys thereof. There may be tens to tens of thousands of
under-bump metal layers 150. Each of the under-bump metal
layers 150 may be connected to the redistribution layer 112
through the opening 114/ passing through the protective
layer 114.
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The connection bump 160 may be configured to physi-
cally and/or electrically connect the semiconductor package
100A to an external device. For example, the semiconductor
package 100A may be mounted on a main board of an
clectronic device through the connection bump 160. The
connection bump 160 may include a low melting point
metal, e.g., tin (Sn) or an alloy including tin (Sn) (e.g.,
Sn—Ag—Cu). The connection bump 160 may include, e.g.,
a solder ball. The connection bump 160 may have a land
shape, a ball shape, or a pin shape. The connection bump 160
may be formed as a multilayer or a single layer structure.
When the connection bump 160 1s formed as a multilayer
structure, the connection bump 160 may include a copper
pillar and a solder. When the connection bump 160 1s formed
as a single layer structure, the connection bump 160 may
include a tin-silver solder or copper.

FIGS. 3A to 3C are scanning electron microscope (SEM)
images illustrating a pad pattern of a semiconductor package
according to a comparative example. FIG. 3B 1s an enlarged
view ol an edge region of a metal film ML3_C of a pad
pattern of FIG. 3A. FIG. 3C 1s an enlarged view of an
intermediate region of the metal film ML3_C of a pad
pattern of FIG. 3A. FIG. 3D i1s a graph illustrating a result
of elemental element analysis of a surface of a pad pattern
of a semiconductor package according to a comparative
example. Energy dispersive X-ray spectroscopy (EDX) was
used for elemental analysis.

The comparative example of FIGS. 3A to 3D used a laser
having a long wavelength (e.g., a wavelength of about 9.4
um, a wavelength of a CO,, laser, or a wavelength of a YAG
laser) having a low absorption rate for the metal layer, and
corresponded to a case 1 which an opening 140/ _C was
formed 1n an encapsulant 140_C by a thermal reaction.

It can be seen that a residue of a resin and a residue of a
filler, formed during the thermal reaction of the encapsulant
140_C, remained as fine grains or particles on a surface of
a metal film ML3_C exposed through the opening 140/ C.
For example, in FIG. 3C, 1t can be seen that a residue of the
resin was fixed to a region marked as ‘A’ and a surface was
discolored, and a residue of the filler remained as grains or
particles 1n a region marked as ‘B.” As a result, connection
reliability between the metal film ML3_C and a connection
bump was reduced, and thus reliability of a semiconductor
package was deteriorated. In FIG. 3D, it can be seen that, on
the surface of the metal film ML3_C, a carbon (C) element
and an oxygen (O) element, along with a gold (Au) element,
were detected 1n relatively large amounts, compared to that
of FIG. 4E (discussed below).

FIGS. 4A to 4D are scanning electron microscope (SEM)
images 1llustrating pad patterns of a semiconductor package
according to an mventive example. FIG. 4B 1s an enlarged
view of an edge region of a metal film ML3 of a pad pattern
of FIG. 4A. FIG. 4C 1s an enlarged view of an intermediate
region of a metal film ML3 of a pad pattern of FIG. 4A. FIG.
4E 1s a graph illustrating a result of elemental element
analysis of a surface of a pad pattern of a semiconductor
package according to an inventive example. Energy disper-
sive X-ray spectroscopy (EDX) was used for the elemental
analysis.

Referring to FIGS. 4A to 4E, 1t can be seen that a first
region R1 of a metal film ML3 was plastically deformed by
laser processing. By the laser processing, a CZ-treated
surface of the metal film ML3 was changed to be smooth,
and a residue of a resin and a residue of a filler were
removed. Therefore, it was possible to improve connection
reliability between a pad pattern and a connection bump, and
to omit a subsequent chemical desmearing process, to pre-
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vent problems caused by chemical solutions (e.g., discolor-
ation of an encapsulant, peeling of the protective layer, or the
like), and simplily a process for manufacturing a package.
By the laser processing, the metal film ML3 was crystallized
on a surface thereol to change from an isotropic single
crystal structure to an anisotropic polycrystalline structure.

In a region of the surface of the metal film ML3, a mixed
dislocation, e.g., a mixed dislocation in a *Y’ shape, such as
a region indicated as ‘C’ in FIG. 4C may appear. Various

types of mixed dislocations may be formed 1n a region of a
surtace of the metal film ML3 as shown i FIG. 4E. The
region of the surface of the metal film ML3 may have a
polygonal (e.g., turtle carapace) crystal grain structure, such
as a region indicated as ‘D’ 1n FIG. 4C.

In FIG. 4E, 1t can be seen that a carbon (C) element and
an oxygen (O) element constituting the residue, along with
a gold (Au) element, on a surface of the metal film ML3

were detected 1n relatively small amounts, compared to FIG.
3D.

As demonstrated by the above, example embodiments
may remove smearing on a surface of the metal film ML3 to
improve connection reliability between the pad pattern 132c¢
and a connection bump formed on the pad pattern 132c.

FIG. 5 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments.

Referring to FIG. 5, a semiconductor package 100B may
have similar characteristics to the semiconductor package
100A of FIG. 1, except that a redistribution pad 112P
exposed through the opening 114/ formed 1n the protective
layer 114 of the redistribution substrate 110 includes a first
metal layer ML1a, a second metal layer ML2a, and a third
metal layer ML3a, wherein the third metal layer ML3a
includes a first region Rla plastically deformed by laser
processing, and a second region R2a surrounding the first
region Rla. When the opening 1142 1s formed in the
protective layer 114 by the laser processing, residues due to
fillers and resins may be removed from a surface of the
redistribution pad 112P located on an outermost side of the
redistribution layers 112.

FIG. 6 1s a cross-sectional view 1llustrating a semicon-
ductor package according to example embodiments.

Referring to FIG. 6, a semiconductor package 100C may
include a through-via 132, instead of a vertical connection
structure 130, and may further include a rear redistribution
structure 170 disposed on the through-via 132. The rear
redistribution structure 170 may further include a rear 1nsu-
lating layer 171, a rear redistribution layer 172, a rear
redistribution via 173, and a rear protective layer 174. The
through-via 132 may have a shape in which a conductive
post passes through at least a portion of an encapsulant 140.
The through-via 132 may be connected to the redistribution
layer 112 1n a lower portion of the semiconductor package
100C, and may be connected to the rear redistribution layer
172 1in an upper portion of the semiconductor package 100C,
to provide an electrical connection path 1n the semiconduc-
tor package 100C 1n a vertical direction. The rear insulating
layer 171 may include an insulating resin, similar to that of
the encapsulant 140 and that of the insulating layer 111, e.g.,
a photosensitive resin. The rear protective layer 174 may
include an opening 174/%, and the rear redistribution layer
172 exposed through the opening 174/ may include a first
metal layer ML1b, a second metal layer ML2b, and a third
metal layer ML3b, as described above with reference to FIG.
1, wherein the third metal layer ML35 may include a first
region R1b plastically deformed by laser processing and a
second region R2b surrounding the first region R15. The rear
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protective layer 174 may include an 1nsulating resin, similar
to that of the encapsulant 140, ¢.g., ABF.

FIG. 7 1s a cross-sectional view illustrating a semicon-
ductor package according to example embodiments.

Referring to FIG. 7, a semiconductor package 1000 may
include a first package 100D and a second package 200,
coupled 1n a package-on-package form.

The first package 100D may include the redistribution
substrate 110 as a first redistribution substrate, the semicon-
ductor chip 120 as a first semiconductor chip, a vertical
connection structure 130, and the encapsulant 140 as a {first
encapsulant, and may have similar characteristics to the
semiconductor package 100A of FIG. 1, except that a rear
redistribution structure 170 1s further included and the rear
redistribution layer 172 exposed through the opening 174/
includes first to third metal layers ML1, ML2, and ML3.
However, the first package 100D may have similar charac-
teristics to the semiconductor package 100B of FIG. 5 and
the semiconductor package 100C of FIG. 6.

The rear redistribution structure 170 may include the rear
insulating layer 171, the rear redistribution layer 172 on the
rear insulating layer 171, the rear redistribution via 173
passing through the rear insulating layer 171 to connect the
rear redistribution layer 172 and the wiring layer 132¢ of the
vertical connection structure 130, and the rear protective
layer 174. The rear insulating layer 171 may be disposed on
an upper surface of the first encapsulant 140. The rear
insulating layer 171 may include an isulating resin, stmilar
to that of an msulating layer 111 of the redistribution
substrate 110, e.g., a photosensitive resin. The rear redistri-
bution layer 172 and the rear redistribution via 173 may
include a conductive material, similar to that of a redistri-
bution layer 112 and that of the redistribution via 113 of the
redistribution substrate 110. The rear protective layer 174
may include an insulating resin, similar to that of the
protective layer 114, e.g., ABF.

The second package 200 may include a second redistri-
bution substrate 210, a second semiconductor chip 220, and
a second encapsulant 240. The second redistribution sub-
strate 210 may include redistribution pads 211a and 2115
clectrically connected to an external source, respectively, on
upper and lower surfaces thereof. Also, the second redistri-
bution substrate 210 may include a redistribution circuit 212
connected to the redistribution pads 211a and 2115 therein.
The redistribution circuit 212 may redistribute a connection
pad 220P of the second semiconductor chip 220 to a fan-out
region.

The second semiconductor chip 220 may include a con-
nection pad 220P connected to an internal integrated circuit,
and the connection pad 220P may be electrically connected
to the second redistribution substrate 210 through a connec-
tion member 250. The connection member 250 may include
conductive bumps or conductive wires. For example, the
connection member 250 may be a solder ball. An underfill
resin 230 may be disposed between the second redistribution
substrate 210 and the second semiconductor chip 220, and
may surround a side surface of the connection member 250.
The underfill resin 230 may include an insulating resin such
as an epoxy resin or the like. The undertill resin 230 may be
a portion of the second encapsulant 240 formed by a molded
under-fill (IMUF) method. The second semiconductor chip
220 may be disposed on the second redistribution substrate
210, and may be electrically connected to the redistribution
pads 211a and 21156 and the redistribution circuit 212. In a
modified example, the connection pad 220P of the second
semiconductor chip 220 may be 1n direct contact with the
upper surface of the second redistribution substrate 210, and
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may be electrically connected to the redistribution circuit
212 through a via in the second redistribution substrate 210.

The second encapsulant 240 may include a matenal,
identical to or similar to that of the first encapsulant 140 of
the first package 100D. The second package 200 may be
physically and electrically connected to the first package
100D by a metal bump 260. The metal bump 260 may be
clectrically connected to the redistribution circuit 212 1n the
second redistribution substrate 210 through the redistribu-
tion pad 211a on the lower surface of the second redistri-
bution substrate 210. The metal bump 260 may be formed of
a low-melting-point metal, e.g., tin (Sn) or an alloy includ-
ing tin (Sn).

FIG. 8 1s a flowchart illustrating a method of manufac-
turing a semiconductor package according to example
embodiments.

FIGS. 9A to 9C are views 1illustrating a process sequence
to 1llustrate a method of manufacturing a semiconductor
package according to example embodiments.

Referring to FIGS. 8 and 9A, a pad pattern 132¢ including
a metal film ML3 may be formed on a semiconductor chip
120 (510). An encapsulant 140, an insulating layer, covering
the pad pattern 132¢ may be formed (S20).

In detail, first, a vertical connection structure 130 includ-
ing the pad pattern 132¢ may be formed on a first carrier 50,
and the semiconductor chip 120 may be accommodated 1n a
through-hole 130/ of the vertical connection structure 130.
The vertical connection structure 130 may include a wiring
structure together with first and second insulating layers
131a and 1315, and the wiring structure may include wiring
layers 132a, 1325, and 132¢ and wiring via layers 1134 and
1135 connecting the wiring layers. The pad pattern, the
wiring layer 132¢ on the uppermost level, may include a first
metal layer ML1, a second metal layer ML2, and a third
metal layer ML3, the metal film. The third metal layer ML3
may be roughened. The semiconductor chip 120 may be
disposed 1n the through-hole 130/% such that a connection
pad 120P faces the first carrier 50. Therefore, the pad pattern
132¢ may be formed on, e.g., on a layer on, the semicon-
ductor chip 120.

In an example embodiment, the formation of the vertical
connection structure 130 may be omitted. In this case, a
redistribution substrate 110 may be formed by stacking
redistribution layers 112 on the semiconductor chip 120, or
a redistribution substrate 110 may first be formed on the first
carrier 50, and then the semiconductor chip 120 may be
mounted on an upper surface 11052 of the redistribution
substrate 110 by a tlip-chup method or by a wire bonding
method.

The encapsulant 140 may be formed to extend to an upper
surface of the vertical connection structure 130 to cover the
pad pattern 132¢. The encapsulant 140 may fill a space
between an 1mner wall of the through-hole 130/ and a side
surface of the semiconductor chip 120. The encapsulant 140
may be formed by applying and curing a molding matenal,
and grinding a non-active surface side of the semiconductor
chip 120.

Retferring to FIG. 9B, a redistribution substrate 110 may
be formed.

After the first carrier 50 1s removed, the package under
manufacture ol F1IG. 9A may be turned upside down, may be
attached to the second carrier 60, and a process of forming
a redistribution substrate 110 may be then performed.

The redistribution substrate 110 may be prepared by
forming an insulating layer 111 using a lamination or coating
method, forming a via hole 1n the insulating layer 111, and
forming the redistribution layer 112 as a first redistribution
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layer and the redistribution via 113 as a first redistribution
via, €.g., using electrolytic plating or electroless plating. A
PID may be used an insulating layer, and the via holes may
be formed with a fine pitch by using a photolithography
method.

After the second carrier 60 1s removed, the package under
manufacture of FIG. 9B may be turned upside down.

Referring to FIGS. 8 and 9C, a laser beam LP may be
irradiated to the encapsulant 140 (which 1s an insulating
layer) to form an opening 140/ that exposes at least a portion
of a surface of the metal film ML3 of the pad pattern 132c¢
(S30).

In detail, laser processing of irradiating a laser beam LP
having a specific condition to the encapsulant 140 may be
performed. By the laser processing, a portion of the encap-
sulant 140 on the pad pattern 132¢ may be removed.

The laser beam LP may be a pulse laser having a wave-
length having a high absorption for a metal material such as
the pad pattern 132¢ (e.g., using a light source having a
wavelength of about 343 nm to about 355 nm), a peak power
of 0.13 kW to about 0.43 kW, and a pulse width equal to or
less than nanoseconds. The pulse width of the laser beam LP
may be, e.g., about 20 ns to about 100 ns. Energy concen-
tration of the laser beam LP may be about 0.8 mJ/cm” or less.

The laser beam LP may remove the encapsulant 140 on
the pad pattern 132¢, and the laser processing may result in
polycrystalline plastic deformation and smoothing of the
irradiated surface of the pad pattern 132¢ such that smearing
does not remain on the pad pattern 132c.

FIGS. 10A and 10B are scanning electron microscope
(SEM) 1images illustrating a pad pattern of a semiconductor
package according to a comparative example. FIG. 10C 1s a
graph 1llustrating a result of elemental element analysis of a
surface of a pad pattern of a semiconductor package accord-
ing to a comparative example.

An example embodiment may perform the laser process-
ing using the laser beam LP to remove smearing at the same
time as forming the opening exposing the pad pattern 132c¢,
without a chemical desmearing process and thus simplifying
a manufacturing process and secure reliability of the pad
pattern 132c.

For example, as discussed above in connection with
FIGS. 3A to 3D, an amount of residues from resin and filler
remaining on the pad pattern 132¢ was significantly reduced,
as compared to the comparative example in which laser
processing using a CO, laser was performed on the encap-
sulant 140 C as shown in FIGS. 3A to 3D.

When a pulse laser having less than picoseconds was used
as the laser beam LP, the same results, as in FIGS. 10A to
10C, were confirmed. When laser processing was performed
using a laser having a pulse width of picoseconds, a metal
film 1mncluding gold (Au) was damaged and removed by the
laser processing. As shown 1 FIG. 10C, considering that
gold (Au) was hardly present on a surface of a pad pattern
132¢', and a nickel (N1) element constituting a second metal
layer ML2 was detected, 1t can be confirmed that a third
metal layer ML3 was damaged and removed by the laser
processing. The laser beam LP may thus use a nanosecond
pulse laser, to prevent damage to the third metal layer ML3
and remove smearing on a surface of the third metal layer
ML3 without using a chemical desmearing process.

After forming the opening exposing the pad pattern 132¢
or 132¢', the protective layer 114 may be formed, an opening
may be formed 1n the protective layer 114, and an under-
bump metal layer 150 and a connection bump 160 may be
tformed to manufacture the semiconductor package 100A of

FIGS. 1 and 2.
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By way of summation and review, in order to improve
reliability of the semiconductor package, a process of
removing smearing between the connection bump and the
redistribution layer (or pad) 1s desired.

Embodiments may provide a method whereby a pad
pattern may be formed to be exposed through an opening of
an 1nsulating layer, to provide a semiconductor package
having excellent reliability, and a method of manufacturing
the same.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are
to be interpreted 1n a generic and descriptive sense only and
not for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described 1n connection with a particular embodiment
may be used singly or in combination with features, char-
acteristics, and/or elements described in connection with
other embodiments unless otherwise specifically indicated.
Accordingly, 1t will be understood by those of skill 1n the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth i the following claims.

What 1s claimed 1s:

1. A method for manufacturing a semiconductor package,
the method comprising:

forming a pad pattern including a metal film on a semi-

conductor chip;

forming an insulating layer covering the pad pattern and

including an organic insulating material; and

forming an opening exposing a surface of the metal film

of the pad pattern by performing a laser processing on
the mnsulating layer,

wherein, 1n forming the opening, a region of the metal

film 1s plastically deformed by the laser processing.

2. The method as claimed in claim 1, wherein the metal
film 1s changed from an 1sotropic single crystal structure to
an anisotropic polycrystalline structure by the laser process-
ng.

3. The method as claimed 1n claim 1, wherein the 1nsu-
lating layer includes an epoxy resin and an iorganic filler.

4. The method as claimed 1n claim 1, wherein the exposed
surtace of the metal film has a smear-less structure in which
a residue formed while a portion of the insulating layer 1s
removed by the laser processing does not remain on the
exposed surface of the metal film.

5. The method as claimed 1n claim 1, wherein a thickness
of the metal film 1s 200 nm to 500 nm.

6. The method as claimed in claim 5, wherein the pad
pattern further includes a first metal layer, and a second
metal layer between the first metal layer and the metal film.

7. The method as claimed 1n claim 6, wherein:

a thickness of the first metal layer 1s about 2 um to 10 wm,

and

a thickness of the second metal layer 1s 2 um to 5 um.

8. The method as claimed 1n claim 6, wherein:

the first metal layer includes copper (Cu),

the second metal layer includes nickel (Ni1), and

the metal film ncludes gold (Au).

9. The method as claimed 1n claim 1, wherein a light
source of a laser beam used 1n the laser processing has a
wavelength of 343 nm to 3355 nm.

10. The method as claimed in claim 1, wherein a pulse
width of a laser beam used for the laser processing 1s 20
nanosecond (ns) to 100 ns.
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11. The method as claimed 1n claim 1, wherein a peak
power of a laser beam used 1n the laser processing 1s 0.13

kW to 0.43 kW.

12. A method for manufacturing a semiconductor pack-
age, the method comprising:

forming a vertical connection structure including an insu-
lating layer and a pad pattern on the insulating layer, the
vertical connection structure having a through-hole;

mounting a semiconductor chip in the through-hole of the
vertical connection structure;

forming an encapsulant encapsulating the semiconductor
chip and covering the pad pattern; and

forming an opening in the encapsulant to expose a surface
of the pad pattern by performing a laser processing on

the encapsulant on the pad pattern,

wherein the pad pattern includes a metal layer and a metal
film disposed on the metal layer, the metal film having
a thickness that 1s smaller than a thickness of the metal
layer, and

wherein the metal film includes a first region exposed

through the opeming and crystallized by the laser pro-
cessing, and a second region surrounding the {first
region.

13. The method as claimed 1n claim 12, wherein the metal
film includes copper (Cu) or gold (Au), and 1s formed to
have a thickness of 200 nm to 500 nm.

14. The method as claimed 1n claim 12, wherein a laser
beam used in the laser processing has a wavelength of 343
nm to 355 nm, and a pulse width of 20 nanosecond (ns) to
100 ns.

15. The method as claimed 1n claim 12, wherein:

the encapsulant includes an epoxy resin and an 1norganic

filler, and

a residue of the encapsulant does not remain on a surface

of the metal film exposed through the opeming 1n
forming of the opening.
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16. The method as claimed in claim 12, wherein a
dislocation density of the first region i1s greater than a
dislocation density of the second region.

17. The method as claimed 1n claim 12, wherein:

the first region 1s changed from an 1sotropic single crystal

structure to an anisotropic polycrystalline structure by
the laser processing, and

the second region has the isotropic single crystal struc-

ture.

18. A method for manufacturing a semiconductor pack-
age, the method comprising:

forming a pad pattern including a first metal layer, a

second metal layer, and a third metal layer on a
semiconductor chip;

forming an insulating layer covering the pad pattern and

including an organic insulating material; and

forming an opening exposing at least a portion of a

surface of the third metal layer by irradiating a laser
beam to the mnsulating layer,

wherein the laser beam has a wavelength of 343 nm to 355

nm, and a pulse width of 20 nanosecond (ns) to 100 ns,
and

wherein 1n forming the opening, a region of the third

metal layer 1s plastically deformed.

19. The method as claimed in claim 18, wherein:

the third metal layer includes copper (Cu) or gold (Au),

and 1s formed to have a thickness of 200 nm to 500 nm,

a thickness of the first metal layer 1s 2 um to 10 um, and

a thickness of the second metal layer 1s 2 um to 5 um.

20. The method as claimed in claim 18, wherein:

the third metal layer includes a first region that 1s the

region that 1s plastically deformed, and a second region
surrounding the first region, and

the first region 1s changed from an 1sotropic single crystal

structure to an anisotropic polycrystalline structure by
partially absorbing the laser beam.

G o e = x
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